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ABSTRACT- Sedi nent, |izards, and fish collected from1ll mddle Gla River sites in
1991-92 contai ned | ow | evel s of organochl orine conpounds. O ganochl ori ne

conmpounds were below the threshold | evels generally considered hazardous to fish
and wildlife. In contrast to organochlorines, sone netalloid |evels were extrenely
el evat ed. Copper was present at 2,660 pg/g dry weight in Mneral Creek

sedi nents; a concentration 89 tines higher than the state nean. Ml ybdenum
selenium and zinc were also present at elevated levels in Mneral Creek sedinents.
Al um num cadm um nercury, selenium and possibly arsenic were detected in one

or nore |lizard sanples at concentrations that could cause secondary poi soning of
predators that consunmed a |arge proportion of lizards in their diet. Arsenic,

cadm um copper, nercury, and seleniumwere recovered at above background

| evels in one or nore fish sanples; however, the nunber of fish sanples was
l[imted and not representative of the entire study area. Based on consistently

el evated netal l oid concentrations in sedinments, |izards, and fish from M neral Creek
and the Gla River dowmstreamfromthe creek, future studies should focus on

M neral Creek as a potential source of contam nation of the mddle Gla R ver
Several elenments were highest in lizards collected fromsites downstream from
maj or m ning operations. Additional studies are needed to assess potenti al

contam nant input into riparian habitats from m ning operations.
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| NTRODUCTI ON

The Gla River bisects southern Arizona flowing fromthe Arizona- New Mexi co

border westward to the Arizona-California border. For the purpose of

environnment al contam nant investigations, the Gla River was divided into three
reaches; the upper, mddle, and lower Gla. Previous Fish and Wldlife Service
(Service) studies identified high levels of netalloids in fish and wildlife resources
of

the upper Gla River (Baker and King 1994) and above background concentrations

of organochl orine conpounds in biota of the lower Gla River (Kepner 1987). The

pur pose of this study was to docunent contam nation |evels in sedinent, fish, and
wildlife of the mddle Gla River. This investigation supplenents the two precedi ng
studi es and conpl etes a contam nant profile of the entire Gla River ecosystem

STUDY AREA

The mddle Gla R ver is defined as that portion of the river from Coolidge Dam
downstreamto the Ashurst-Hayden Dam (Fig.1l). Potential sources of pollution

along this section of the river include nunicipal discharges, agriculture runoff, and
m ning. Miunicipalities and agriculture are confined to the mddle third of the study
area between W nkel man and Kelvin. Settlenents are relatively small wth

popul ations 062, 765. Agriculture is limted due to the rugged topography.

Muni ci pal and agricultural contaminant input to the Gla Rver is mninml (Cox

1976) .

Nuner ous mining operations are scattered throughout the study area. Inspiration
Consol i dat ed Copper Conpany mne at Dripping Springs Wash is the first major

m ne bel ow Cool i dge Dam A second | arge mning operation, ASARCO s Ray

Mne, is located on Mneral Creek, a tributary to the Gla River. In addition to the
mnes, two | arge copper snelters are situated downriver from W nkel man. Toxic

subst ances have been introduced fromthe mnes into the river by direct discharge
into tributaries and by runoff of m ning wastes (Cox 1976).

Speci es of special inmportance include several neotropical mgratory songbirds such
as the federally proposed endangered sout hwestern wllow flycatcher (Enpidonax
traillii extimus), the yellowbilled cuckoo (Coccyzus anericanus), a state |listed
endangered species, and the belted kingfisher Ceryle alcyon, a state |listed

candi date species. The great blue heron (Ardea herodias), and common sni pe
(Gallinago gallinago) are also inportant riparian species conmon wthin the study
ar ea.

The Gla River and its tributaries represent magjor |lotic waters and i nportant
riparian

habitats in southeastern Arizona. The Gla R ver and adjacent flood plain provide a
maj or recreation outlet for local residents. Fishing is popular imrediately bel ow

Cool i dge Dam Mourni ng dove (Zenai da macroura), white-w nged dove (Z
asiatica) and Ganbel's quail (Callipepla ganbelii) are abundant ganme birds. The
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area is valuable for its nongane resources as well. It is popular anong bird
wat chers and wil dlife photographers, particularly for its diverse avifauna.

METHODS

El even study sites were selected along the mddle Gla River and its nmjor
tributaries. Al sanples were collected between June 1991 and May 1992. Five

sedi nent subsanples from approxinmately the top 5 cmof river bottomwere taken

at each site using a stainless steel spoon. The five individual sanples were placed
in a clean stainless steel pan and honopgeni zed into a single conposite. The
conposite sanple was then placed in an acid rinsed tared glass jar, weighed,

sealed with a teflon lined lid and placed on wet ice until the sanple could be
transferred to a commercial freezer. The spoon and pan were washed and rinsed

wi th acetone and hexane between collection sites to prevent cross contam nation.

Fish were coll ected by el ectroshocking and cast net. Fish were wei ghed and
nmeasured then pooled into two- to five-speci men conposite sanples by species.
Whol e body fish sanples were wapped in alumnumfoil and placed on wet ice

until they were transferred to a conmercial freezer where they were stored frozen
for future chem cal anal yses.

VWi ptail |izards (Cnem dophorus spp.) were collected at 10 of 11 sites using a .22
caliber rifle or pistol and | ead shotshells. Lizards were wei ghed and neasured then
pooled into five specinen conposite sanples by site. The nunber of sedinent,

fish, and lizard sanples collected at each site is listed in Table 1.

Al'l sanples were anal yzed for organochl ori ne conpounds at Hazel ton
Environnental Services, Inc., Mdison, Wsconsin. O ganochl orine conpounds are
expressed in ag/g (parts per mllion) wet weight.

Sedi nent, fish, and |izards were al so anal yzed for alum num antinony, arsenic,
bari um beryllium boron, cadm um chrom um copper, iron, |ead, manganese,
nmercury, nolybdenum nickel, selenium strontium vanadium and zinc. Chem ca
anal yses of sedinents and fish were conpleted at Hazel ton Environnent al

Services, Inc. Lizards were anal yzed at Environnental Trace Substance Research
Center, Colunbia, Mssouri. Atom c absorption spectroscopy hydride generation
was used to quantitate sel eniumand arsenic. Mercury concentrations were
quantitated by cold vapor atom c absorption. Al other elenents were anal yzed by
i nductively coupl ed pl asma atom c enm ssion spectroscopy. Anal ytical nethodol ogy
and reports net or exceeded Patuxent Analytical Control Facility Quality Assurance
and Quality Control standards (Moore 1990). El enent concentrations are reported

in ag/g dry weight for sedinment and |izards. Percent noisture is listed in Table 1
for readers who wish to convert sedinent and lizard dry wei ght val ues to wet

wei ght equi val ents. Fish residue data are expressed in both dry weight and wet

wei ght concentrations to facilitate data conparison with published studies.

El enent concentrations in sedinents were conpared with Arizona baseline levels in
soil s (Boerngen and Shacklette 1991). Since only one conposite sanple was

collected per site, statistical conparisons with background |evels are not possible
on a site by site basis. If an el enent concentration exceeded the nean plus two
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standard devi ati ons, the concentration was considered significantly (P <0.05) higher
than the statew de nean

Trace el enent concentrations in fish were conpared with those reported in the
Nat i onal Contam nant Bi ononitoring Program (NCBP) for fish collected in 1976-

1984 from 109 stations nationw de (Schmtt and Brunmbaugh 1990). Concentrations

of an elenment in whole fish were consi dered el evated when they exceeded the 85th
percentile of the nationwi de geonetric nean. The 85th percentile was not based

on toxicity hazard to fish but provides a frane of reference to identify el enents of
potential concern. There was an insufficient nunber of sites with fish sanples to
run statistical conparisons.

RESULTS AND DI SCUSSI ON

The G la River has been depauperate of both vertebrates and invertebrates since

the early 1970s (Kepner et al. 1983). Only two native fish species, |ongfin dace
(Agosi a chrysogaster) and desert sucker (Catostomus [Pantosteus] clarki), were
present in this area in the 1970s (M nckley 1972). During the 1970s, portions of

the mddle Gla Rver were virtually devoid of aquatic vertebrates and invertebrates
(St ephenson and Chmart 1974). They stated "the water in the Gla River study

area i s reddish-golden in color and heavily polluted fromindustrial waste upstream
The absence of aquatic wildlife in the area appears to be directly related to water
pol | ution.™

Al nost all water in the mddle Gla River is allocated for agricultural use. For
several week during winter, water is not released from Cool i dge Dam This annual
"dry-down" nay have a profound affect on the dynam cs of contam nant

assimlation by resident fish and wildlife. For nost of the year, contam nant | oads
are governed by flows down the Gla River and rel eases from Cool i dge Dam

During the dry down period, the contam nant profile is influenced for several weeks
primarily by bank storage return and by flow from perennial streans such as

Dri ppi ng Springs Wash, the San Pedro River, and M neral Creek

5

Al t hough an equal effort was made to collect fish at each site, fish were found only
at site 10 (Table 1). Three species were coll ected; channel catfish (Ictalurus
punctatus), common carp (Cyprinus carpio), and desert sucker. Qur fish

abundance and diversity data confirmthose of Kepner et al. (1983), who reported

that the mddle Gla River contains relatively poor quality fish habitat. Chronic | ow
fish populations result fromcontinuous high flows that contain a | arge proportion of
suspended sedinent. The high flows erase the normal riffle-run-pool heterogeneity
which is characteristic of high quality lotic habitat. Nornal releases from Coolidge
Dam average 459 cfs (Kepner et al. 1983). Under this flow regi ne, about 95% of

the mddle Gla River was classified as honbgeneous run habitat (USBR 1976).

Hi gh sedi nent | oads present during nost of the year increase turbidity which
reduces photosynthesis. Al so, there is a scouring and abradi ng action by the
shifting sedi nent which precludes the establishnment of benthic organisnms. Fine
sedi nents bury the stream bottom and create a honbgeneous substrate which
decreases normal habitat diversity (Kepner et al 1983).

Or ganochl ori ne Conpounds
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Sedi nent s- Organochl ori ne conpounds were not detected in sedinents (Table 1).

The only organochl orine conmpound recovered in lizards and fish was p, p' - DDE

(DDE). DDE was present in all lizard sanples and concentrations varied fromO0.01

to 0.06am/g wet weight (mean = 0.02sg/g). DDE in mddle Gla R ver lizards was
simlar to that (0.01-0.04 ag/g) in |lizards collected fromthe upper portion of the
river (Baker and King 1994) but |lower than levels in lizards fromthe | ower portion
of the river (0.02-4.2 ag/g) between Phoeni x and Pai nted Rock Reservoir (Kepner
1987).

Li zards- Lizards are internedi ate predators often consunmed by nunerous upper
trophic level species. Dietary itens containing 1.0 ag/g DDT fam |y conpounds
represent the upper limt for protection of wldlife (Nat. Acad. Sci. & Nat. Acad.
Engi neers 1973). DDE in lizards fromthe mddle Gla R ver should not present a

bi oaccumul ati on hazard to predators that consune them

Fi sh- DDE was the only organochl orine conpound recovered in fish. Carp and
channel catfish contained 0.05 and 0.03 ag/g wet weight DDE, respectively. DDE

in desert sucker, if present, was less than the detection limt of 0.01 ag/g. The
maxi mum concentration of DDE in fish, 0.05 ag/g wet weight, was well bel ow the
NCBP geonetric nean of 0.19 ag/g which represents the background | evel of DDE

in fish (Schmtt et al. 1990).

Bi rds- Many species of fish-eating birds are susceptible to DDE-induced egg shel

thi nning and reproductive failure. Dietary levels of 0.6 to 3.0 ag/g wet wei ght DDE
can result in a significant degree of eggshell thinning in a variety of species
(McLane and Hall 1972, Stickel 1973, Longcore and Stendell 1982). The maxi num

| evel of DDE detected in fish fromthis study was well below the shell thinning
concern | evel

Met al bi ds

Sedi nent- Nineteen el enents were detected in sedinent sanples (Table 2). Most

el enents were close to, or bel ow Arizona background |levels in soils (Boerngen and
Shackl ette 1991). The not abl e exception was copper. Copper was present at
significantly (nmean + 2 standard devi ati ons) hi gher than background levels in
sedinents from8 of 11 sites. The highest concentration, 2,660 ag/g, was present
in Mneral Creek sedinents and was al nbst 90 tines the state nmean of 30 ag/g
copper. The four Gla River sites downstreamof its confluence with Mneral Creek
were al so contaminated with copper (Fig. 1, Table 2). Only three other el enents,
nol ybdenum sel enium and zinc, were detected in sedinments at concentrations
significantly greater than the state nean. Each el ement was present at el evated

| evels only in sedinments from M neral Creek (Table 2).

Li zards- Whiptail lizards are terrestrial and obtain little, if any, of their
cont am nant

burden through the aquatic food chain. Lizards, never-the-less are excellent

i ndicators of |ocal contam nation. Mich of their diet consists of small invertebrates
of local origin. Lizards also ingest a significant amount of soil along with their

di et .
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In a study of soil ingestion in a variety of wildlife species, birds incidentally
consunmed up to 30% soil through their diet, mammuals consuned up to 17% and

the box turtle (Terrapene carolina), the only reptile studied, ingested 4% soil wth
its

di et (Beyer et al. 1994).

Seventeen of 19 trace elenments were detected in lizards (Table 3). Because of

hi ghly variabl e concentrations of certain elenents in some sanples, the el enental
content of "lead" shotshells was questioned. There was a possibility that sone
sanpl es were contam nated by el enents other than lead in the shot. An anal ysis

of a conposite sanple of shot fromfive shotshells indicated that the "lead" in
shotshel | s al so contained arsenic (4,447 ag/g), boron (11 ag/g), cadmum (1.8
&g/ g), copper (65 am/g), and iron (5.2 ag/g). Because environnental |evels of
iron were relatively high (0 250 ag/g) in lizards, the additional tissue
cont am nati on

fromshot would be insignificant. The high |evel of probability that |izards
col | ected

w th shotshells were contam nated by arsenic, boron, cadm um and copper from
the shot nakes interpretation of residue data difficult. Data for these elenents are
presented in Table 3 for information purposes only.

Al nost no data are available on "normal" or background |l evels of trace elenents in
whol e body lizards. Therefore, information gathered in this study along wth other
Arizona investigations (Baker and King 1994) will establish a baseline for elenental
| evel s in whol e body |izards.

Some netalloids in lizards may be harnful to predators that consunme a significant
proportion of lizards in their diet. Elements nost likely to be toxic to bird and
manmal predators include al um num arsenic, cadmum nercury, and sel eni um

The maxi mum t ol er abl e al um num concentrations in the diet of donestic aninals
varies from 200-1, 000 ag/g dry weight (National Research Council 1980).

Fl ycat chers feeding on insects that contained 1,230 ag/g dry wei ght al um num
experi enced severe eggshell defects, reduced clutch size, and a hi gh incidence of
nortality (Nyhol mand Myhrberg 1977, Nyhol m 1981). Juvenile doves fed up to

1,500 ag/g dry wei ght alum num for 63 days denonstrated no growth inpairnents.

Al umi num was detected at 0 1,200 ag/g dry weight in two |izard sanples (Table

3). At this concentration, alum numwas within the range associated with
reproductive failure of flycatchers but bel ow concentrations associated with growth
i mpai rnment of doves.

Arsenic was detected in shot used to collect |izards at over 4,400 ag/g; therefore,
ti ssue data are biased because of the possibility that | ead shot nmay have been
retained in the carcasses. It is interesting to note, however, that the sites with
t he

two hi ghest arsenic concentrations are sites one and seven; sites where al um num
was hi ghest. The Cyprus M am Copper mne is |ocated upstream (Dri pping

Springs Wash) fromcollection site one and Ray Copper Mne is | ocated upstream
(Mneral Creek) fromsite seven.

Cadm um was recovered in lizards from8 of 11 |ocations. Secondary hazards of
cadm um poi soning to predators nmay be expected if dietary levels reach 0.1 ag/g
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wet weight (Eisler 1985), or about 0.36 ag/g dry wei ght assum ng 72% aver age
noi sture. Lizards collected from4 of 10 sites contai ned cadm umin excess of the
concern | evel

Copper was present in the shotshells at 65 ag/g. Only one lizard sanple, the
sanple fromsite 7 contained copper at a |level greater than that detected in the
shot. Al though sonme of the copper detected in this sanple may have originated in
the shotshells, nmuch of the 87.8 ag/g nust be environnental copper.

The mi ni mum nercury concentration which may cause effects on predatory birds is
0.1 a/g wet weight (Eisler 1987), or approximately 0.36 ag/g dry weight. In
manmal s, the hazardous level is 1.1 ag/g wet weight (Eisler 1987), which is
conparable to 3.9 ag/g dry weight. Two of 10 lizard sanpl es contai ned
environnmental nercury in excess of the avian concern |evel of 0.36 ag/g. There is
no lizard-nercury hazard to mammal i an predat ors.

Seleniumlevels in lizards varied from0.9 to 2.9 ag/g dry weight (Table 3). The

| evel of concern for seleniumin the food chain of birds and mammals i s between 2-
6 ag/g dry weight (Hoffrman et al. 1991, Skorupa and Chl endorf 1991). "Nornal"

food chain seleniumlevels in an aquatic environnent are 6 2.0 ag/g dry wei ght

(OChl endorf et al. 1990), but little conparable data are available for seleniumin
terrestrial food chains. Seven of 10 lizard sanples contained > 2.0 ag/g sel eni um
dry weight. The 2.9 ag/g concentration in one |lizard sanple approached the 3.0

ag/g dry weight level that may be reproductively lethal to sone bird species (Leny
1993).

Fi sh- W are hesitant about nmaking contam nant-fish generalizations because we
were able to collect fish fromonly one |ocation. The foll ow ng summary applies to
fish collected at site 10. Thirteen elenents were detected in both channel channel
catfish and carp and 16 el enents were present in desert sucker (Table 4). Sucker
accunmul at ed several elenments to higher |evels than other fish. Al um num boron,
barium cadm um copper, iron, manganese, nickel, and vanadiumin sucker varied
from2- to 8-tines concentrations detected in channel catfish and carp. Mercury,
sel enium and zinc were greatest in carp.

Nat i onwi de background or "normal" concentrations of arsenic, cadm um copper,
nmercury, selenium and zinc were docunented for fish during the NCBP (Schmtt
and Brunmbaugh 1990). Arsenic was el evated (> NCBP 85th percentile) in channel
channel catfish and desert sucker sanples (Table 4). Cadm um was present at
above background | evels only in desert sucker. Copper in channel catfish was

bel ow t he NCBP 85th percentile; but, copper was two-tinmes greater than
background |l evels in carp, and four-tinmes greater than background | evels in desert
sucker. Mercury was present at above background | evels only in carp. Sel enium

| evel s were within the background range in channel catfish and sucker; but,
seleniumwas slightly elevated in carp. None of the fish sanples contai ned above
background | evel s of zinc.

Residue inplications for fish-eating birds- Metals and netalloids nost likely to

cause reproductive problens in birds are arsenic, cadmum nercury and sel eni um
(Ei sl er 1985, 1987, 1988; OChlendorf et al. 1986, 1988). Wile the acute effects of

http://orion.cr.usgs.gov/dec_reports/110/report.html (7 of 12) [10/17/2000 1:23:00 PM]



Published Reports

arseni ¢ have been investigated, little is known about its sublethal chronic effects
except that arsenic is readily accunul ated by aquatic organi sns. Based on data
summari zed by Eisler (1988), arsenic at concentrations recovered in Gla River fish
fromsite 10 apparently poses little hazard of secondary poisoning to avian
predators. Secondary hazards of cadm um poisoning to avian predators m ght be
expected if dietary intake reaches 0.1 ag/g wet weight (Ei sler 1985) but cadm um
was less than 0.1 ag/g in all fish sanples. The maxi num concentrati on above

which nmercury effects fish-eating avian predators is about 0.1 ag/g wet wei ght
(Eisler 1987). Al fish sanples contained nmercury at concentrations in excess of
the 0.1 ag/ g concern level (0.12-0.26 ag/g). Therefore, birds consum ng a | arge
proportion of fish in their diet nmay be in danger of bioaccunulating potentially
hazar dous concentrations of nmercury. "Normal" food chain seleniumlevels in an
aquatic environment are 62.0 ag/g dry weight (Chlendorf et al. 1990). Organi sns
containing 3 ppm (dry weight) or nore should be viewed as potentially lethal to fish

and aquatic birds that consunme them (Lemly 1993). Only the carp sanple
contai ned seleniumat levels (4.09 ag/g dry weight) potentially hazardous to
predat ors.

Al t hough copper concentrations in fish were two to four tines background | evels,
there is little potential for bioaccumulation of copper to hazardous concentrations
because copper is considered a nutritionally essential elenment and is relatively non-
toxic to warm bl ooded ani nal s.

RECOMVENDATI ONS

Based on exceedingly high netalloid residues in the | ower portion of the study
area, we recommend future study of Mneral Creek as a potential source of

contam nation of the Gla River. The two study sites with consistently high | evel s of
nost el enents were Mneral Creek (site 7) and the Gla River site just downstream
fromMneral Creek (site 8). Copper was present in Mneral Creek sedinments at 89-
ti mes background | evel s; nol ybdenum sel enium and zinc were detected at

el evated concentrations only at the Mneral Creek site. Lizards collected adjacent
to Mneral Creek had extrenely el evated | evels of copper. One or nore fish

sanples fromsite 10, downstream from M neral Creek, contained el evated arsenic,
cadm um copper, nercury, and selenium Future studies should focus on

contam nant inpacts to flora and fauna in and near Mneral Creek and in
downstream G la River habitats. This portion of the Gla River contains habitat for
the (proposed) endangered southwestern willow flycatcher (Enpidonax traillii
extimus) and provides inportant nesting, mgrating, and wintering riparian habitat
for nunmerous neotropical songbirds. Potential contam nant inpacts to the

flycat cher and songbirds shoul d be identified.

Several elenents were highest in lizards collected fromsites one and seven,
downstream from nmaj or copper mning operations. Additional studies are needed
to assess potential contam nant input into riparian habitats from m ning operations.
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Figure 1. Collection site locations, mddle Gla R ver, 1991-1992.

Tabl e 1. Organochlorine residues (ag/g wet weight) in sedinent,
lizards and fish collected fromthe mddle Gla R ver
Arizona 199l -92

AAAAAAAAANAAAAAAAAAAAANAAAAANAAAAAAAAAAAAAAAAAANAAAAAAAAAAAAAANAAANAAAANAAAAAAA

Site Wi ght Pr cnt Pr cnt p, p'-
No. Sanpl e N sup] b (9) noi st lipid DDE
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
28 Sedi ment 5 139 57. 67 NA <0.01
2 Sedi ment 5 163 42. 39 NA <0.01
3 Sedi ment 5 126 37.33 NA <0.01
4  Sedi ment 5 132 34. 30 NA <0.01
5 Sedi ment 5 146 44, 39 NA <0.01
6 Sedi ment 5 124 53. 42 NA <0.01
7 Sedi nment 5 123 34.0 NA <0.01
8 Sedi ment 5 101 37.29 NA <0.01
9 Sedi ment 5 142 26. 66 NA <0.01
10 Sedi ment 5 156 40. 21 NA <0.01
11 Sedi ment 5 166 28. 63 NA <0.01
i Li zard 5 63 71.0 3.72 0.01
2 Li zard 5 88 69:.5 5.42 0.02
4 Li zard 5 63 69.5 5.76 0.01
5 Li zard 5 45 73.0 2. 36 0.04
6 Li zard 5 45 71.5 3.64 0.02
7 Li zard 5 45 72.0 2.42 0. 06
8 Li zard 5 54 72.0 2.96 0.01
9 Li zard 5 89 71.93 2.11 0.01
10 Li zard 5 69 70. 04 1.86 0.01
11 Li zard 5 72 73. 65 1.6 0.01
10 C carp[sup]c 2 2723 72. 86 6.42 0. 05
10 D sucker[sup]c 5 247 7y 13.19 <0.01
10 C catfish[sup]c 2 556 71. 96 9.01 0.03

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
I The lower Iimt of detection (LLD) for organochlorines in
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sedi nents was 0.01 ag/g wet weight for all conpounds except
PCB. PCB LLD= 0.1 ag/g. LLD for organochlorines in tissues

was 0.01 ag/g wet weight for all conpounds except toxaphene
and PCB (LLD= 0.05 am/Q).
[ sup] bN= nunber of individuals in each conposite sanple.

[ sup] cFi sh abbreviations; C carp= conmon carp, D sucker= desert
sucker, C catfish= channel catfish.

Table 2. Trace elenents in mddle Gla River sedinents[sup]l

See Tabl e/ Fi qure

Table 3. Trace elenents in whiptail lizards collected fromthe mddle Gla River
area, Arizona, 1991-92

See Tabl e/ Fi qure

Table 4. Trace elenents in fish collected fromthe mddle Gla R ver, Arizona,
1991-92[ sup] 1

See Tabl e/ Fi gur e
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